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THE PREPARATION Otf AROuATK ACID iiROklDSS.
I. INTRODUCTION.
Acid chlorides are among the most important substanc-
es used in organic syntheses; their value for this purpose
is partly due to their ease of preparation. The Lromine
atom, however, is more reactive than the chlorine atom,
and therefore, in most cases, an acid bromide used in a
synthesis would g±\e better results than the acid chloride.
Aliphatic acid bromides and benzoyl bromide may
often be made as conveniently as the acid chlorides.
Up to this time, however, no general method nas been de-
vised for the preparation of aromatic acid bromides, and
up to thi present time, benzoyl bromide is the only rep-
resentative of the aromatic series that has been pre-
pared.
The purpose of this investigation has been to de-
vise such a method, and demonstrate its advantages as to
ease of manipulation, time required, and yields of acid
bromides obtained.
II. THEORETICAL.
In most cases, the oxygen of ketones, aldehydes,
and acid amides, and the hydroxyl group of alcohols
and carboxyiic or sulfonic acids can be replaced by
halogen atoms. The replacement may be accomplished
by means of halides of phosphorus, halogen acids, thio-
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nyl chloride, sulfuryl chloride, chlorosulfonic acid,
benzene sulfonyl cnloride, or c&rbonyl chloride.
The most general reactions of this type are those
carried out with the halides of phosphorus. Phosphor-
us pentachloride is the most useful of these compounds.
It may be used either alone, or in the presencse of
solvents, such as acetyl chloride, chloroform, phosphor-
us oxychloride, benzol, ligroin, or ether, for the replace-
ment of oxygen or hydroxyl by chlorine in any of the
cases mentioned above. typical reaction of this type
is that for the preparation of benzoyl chloride:
C 6H5C-OH + PC15 *C 6§5C-C1 -f P0C13 4-HC1.
Phosphorus trichloride is useful for replacing
alcoholic, phenolic, and carboxylic hydroxyl groups
by chlorine. la the preparation of the chlorides
of the lower fatty acids the trichloride is preferable
to the pentachloride, because each molecule of the
phosphorus trichloride gives three molecules of the acid
chloride, while a molecule of phosphorus pentachloride
gives only one:
,0 ^0
3 3C-0H
-I- PC13 > 3 fiC-Cl + P(0H)3.
Phosphorus oxychloride does not affect ketonic
groups, except when they are acting in the enolic form.
Neither does it form acid ©Morides from carboxylic
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acids, but from their sodium salts:
2 RC-OHa -f-POCl^ > Z KC-C1 + Ua^Og + iiaCl.
In most oases the replacement of oxygen or the hydroxyl
group by bromine is accomplished by using the bromide of
phosphorus corresponding to the chloride used in the re-
placement of the atom or group by the chlorine atom. Thus,
the aliphatic acid bromides may be prepared by the action
of phosphorus pentabromide , or red phosphorus and bromine,
upon the acid. Benzoyl bromide, however, is the only
aromatic acid bromide which has been prepared by the action
of phosphorus tribromide or pentabromide upon the acid
itself.
1
Aliphatic acid bromides and iodides, and benzoyl brom-
ide, have been prepared by treating the corresponding acid
2
chlorides with the halogen acid, magnesium bromide or iod-
3 4ide, or calcium iodide.
Aromatic acid bromides have been prepared by the ac-
tion of oxalyl bromide, obtained from oxalyl chloride, up-
on the acids.
During this investigation para nitro benzoyl bromide
was prepared by the action of an excess of hydrobromic acid
gas upon the acid chloride:
,U02 7N02
C6H4 /.0 4- HBr » CL B.L / H- HC1.
C-Cl ° X-Br
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A simpler method of obtaining the aromatic acid brom-
ides was also tried with success. The sodium salt of the
acid was treated with a molecular amount of phosphorus
pentabroraide
:
EC-Ha PBrs * RC-.Br + POBr^ -h NaBr.
By this method, a very good yield of an aromatic acid brom-
ide can be obtained in a short time from the aromatic acid.
III. EXPERIMENTAL
.
A. THE HYDROGEN BRCMIDE METHOD.
The first method tried for the preparation of aromatic
acid bromides was similar to that used by Staudinger and
Anthes 2 in the preparation of aliphatic acid bromides, and
benzoyl bromide, by which the acid chloride was treated
with an excess of hydrogen bromide.
The general method was to pass four mols of hydrogen
bromide into one mol of the acid chloride. The hydrogen
bromide was generated by dropping the calculated amount of
48 per cent, hydrobromic acid solution upon an excess of
phosphorus pentoxide, and drying the gas formed by passing
it through a tower filled with glass wool which had been
sprinkled wi$h phosphorus pentoxide.
Three experiments were made by this method. The
substance used in each case was para nitro benzoyl chloride,

and the amount used was 5.0 grams.
In the first experiment the hydrogen bromide was
passed through the molten chloride in a water bath at
85 deg. The melting point of the resulting product was
7£-74 deg.
,
showing that no reaction had taken place with
the hydrogen bromide.
In the second experiment the acid chloride was dis-
solred in £0 cc. of dry benzol in an ice bath at deg.
When the benzol had been evaporated off, the product was
found to crystallize in white needles whose melting point
was 65-68 deg. The yield was 4.5 grams, or 74 per cent,
of the theoretical amount of para nitro benzoyl bromide.
In the third experiment the acid chloride was again
dissolved in 20 cc. of dry benzol, but the hydrogen bromide
was passed through at room temperature. The crystals ob-
tained by evaporating off the benzol, in this case, had
a melting point of 64-69 deg. The yield was 3.0 grams
or 49 per cent, of theoretical.
The total time required for one of these experiments
was &§ hours.
B. THE PHOSPHORUS PENTABROMIDE METHOD.
The second and simpler method used was similar to that
used in the preparation of the acid chlorides, except that

the sodium salt of the acid was used instead of tht free acid
itself. The sodium salt of the acid was treated in mplec-
ular proportions with phosphorus pentabromide. Nine dif-
ferent acid bromides were prepared, and in each case 5.0
grams of the sodium salt was used.
The sodium salts were prepared by dissolTing the acids
in the molecular amount of sodium hydroxide solution, evap-
orating the solution, and drying it at about 110-115 deg.
The phosphorus pentabromide was prepared by placing phos-
phorus tribroraide in a round bottom flask fitted with a small
upright condenser and a dropping funnel. Bromine, which
had been dried with sulfuric acid, was added from the drop-
ping funnel in an amount calculated to completely conTert
the phosphorus tribroraide to phosphorus pentabromide. Only
enoftgh phosphorus pentabromide was made at one time to react
with one equivalent of the sodium salt to be used.
The sodium salt was added directly to the phosphorus
pentabromide in the flask, which was fitted with a calcium
chloride tube; the flask was heated on thebsand bath with
occasional shaking, until the contents seemed to be homogen-
eous. In every case, the mixture became a semi-solid mass
with a red color of varying degrees. When the heating was
complete, the mass was extracted with three small portions
of hot benzol so that the total volume of the solution was
about 50 cc. If the acid bromide wqs a solid, the benzol
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from this solution was evaporated off on the sand bath, and
the bromide crystallized. I£ the bromide was a liquid, the
benzol was distilled off on the water bath under slightly
diminished pressure, and the acid bromide itself was distilled
with the free flame at a lower pressure.
The acids whose bromides were prepared were para nitro
benzoic, 3-5 dinitro benzoic, ortho chlor benzoic, para
chlor benzoic, ortho brom benzoic, para brom benzoic, ortho
iodo benzoic, meta iodo benzoic, and anisic acids.
The sodium para nitro benzoate was heated on the sand
bath with phosphorus pentabroraide for 1 hour. After the
extraction with benzol and the evaporation of the solvent,
the para nitro benzoyl bromide was washed with cold petrol
ether. The crystals were colored slightly brown, and had
a melting point of 55-60 deg. After recrystallization from
carbon tetrachloride the substance was nearly white, and its
melting point was 6£-63 deg. The yield was 3.8 grams, or
66 per cent, of theoretical. The total time required for
this experiment was 3 hours. Analysis:
0.1916 grams substance; 0.1547 grams AgBr.
Calc. for C^H^OsBr t Br , 34.78
Found
, Br , 34.80
Likewise, the sodium 3-5 dinitro benzoate was heated
with phosphorus pentabromide for 1 hour. The 3-5 dinitro
benzoyl bromide was washed with cold petrol ether. It was

-0-
not as discolored as the para nitro compound. Its melting
point was 59-60 deg. One crystallization from petrol ether
gave slightly yellow crystals of 3-5 dinitro benzoyl bromide,
whose molting point was 60-61 deg. The yield was 4.3 grams,
or 74 per cent, of theoretical. The time required for this
preparation was three hours.
The sodium ortho chlor benzoate was heatod with phosphor-
us pentabromide for 1 hour and 15 minutes. The ortho chlor
benzoyl bromide was a colorless liquid which distilled at
150-178 deg, under a pressure of 50-70 mm. After the sub-
stance had been sealed up in a smallntube for some time, it
turned to a yellow brown, and then to a dark green color.
The yisld was 4.6 grams of ortho chlor benzoyl bromide, or
75 per cent, of theoretical. The time required for this prep-
aration was 4 hours.
The sodium para chlor benzoate was heated with phosphor-
us pentabromide for 1 hour. The product obtained was a col-
liquid
orless^which distilled in two portions. One came over at
125-140 deg. under a pressure of 35 mm. The other distilled
at 133-135 deg. under 25 mm. pressure. The first portion
weighed 1.3 grams, the second, 5.4 grams. The product quick-
ly turned reddish orange after distillation and sealing.
The yield was 4.7 grams, or 77$per cent, of theoretical.
The time required for this preparation was 2-g- hours. Analysis
(Second fraction) 0.1712 grams substance;
0.2935 grams AgBr + AgCl.
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Calculated for C 7H40BrCl, Br •+ CI, 52.62 % m
Found, Br
-f- CI, 59.97 %,
The sodium ortho brom benzoate was heated with phosphor-
us pentabromide for 45 minutes. The acid bromide whs a col-
orless liquid which distilled in two fractions. The first
weighed 3.9 grams, and distilled at 125-140 deg. under 25 mm.
pressure. The other weighed one gram, and distilled at
143-152 deg. under 20 mm, pressure. After distillation the
acid bromide quickly turned rod, and then lavender. The
yield was 4.9 grams of ortho brom benzoyl bromide, or 83 per
cent, of theoretical. The time required for the experiment
was 2 hours.
The sodium para brom benzoate was heated with phosphor-
us pentabromide for 1 hour and 15 minutes. The acid bromide
obtained whs a colorless liquid. It distilled in two frac-
tions. Ome weighed 1.6 grams and distilled at 150-160 deg.
under 31 mm. pressure. The other weighed S.O grams and dis-
tilled at 160-162 deg. at 31 mm. pressure. The substance
quickly turned to a reddish orange color. The yield was
3.6 grams, or 61 per cent, of theoretical. The time required
for the experiment was 3|r hours. Analysis:
(Second fraction) 0.1984 grams substance;
0.2848 grams AgBr.
Calculated for C 7H40Br2 , Br, 60.60 %
Found, Br, 61.14 f .

-10-
The sodium ortho iodo benzoate was heatod with phosphor-
us pentabromide for £ hour. The ortho iodo benzoyl bromide
was a colorless liquid, which distilled in tv/o fractions.
The first weighed 1.5 grams and distilled at 135-170 deg.
under 30 mm. pressure. The other weighed 3.3 grams, and dis-
tilled at 165-170 deg. under 22 mm. pressure. The product
darkened very quickly and solidified to a dark red mass after
standing for a few minutes in a sealed tube. An attempt was
made to purify the substance by recrystallization from carbon
tetrachloride. The purified acid bromide melted below room
temperature, and consequently a good crystallization was not
obtained. The melting point found, by solidifying the brom-
ide in an ice bath and allowing the temperature to gradually
rise, was 14-17 deg. The liquid was still of a dark red col-
or, but it did not solidify after being sealed up for some
time. The yield of crude product was 4.8 grams, or 84 per
cent., and of purified ortho iodo benzoyl bromide, 3.8 grams,
or 6G per cent, of theoretical. The time required for the
experiment was &§- hours. Analysis:
(Second fraction) 0.1954 grams substance;
0.3106 grams AgBr -f Agl.
Calculated for C 7H40BrI, Br +- I, 66.56
Found, Br-f-I, 77.75
The sodium meta iodo benzoate was heated with phosphor-
us pentabromide for &§ hours. When the heating was first
started quite violent action took place, and some of the mater
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lal was thrown up into the calcium chloride tube. In order
to insure a complete reaction, phosphorus tribromide and
bromine were added in amounts calculated to give another mol
of phosphorus pentabromide . The product was a colorless
liquid which very quickly turned to red, then dark green, and
finally to dark purple, after being sealed up in a tube.
It was distilled in two fractions. The first weighed 3.1
grams and distilled at 140-190 deg. under 50 mm. pressure.
The second weighed 2.0 grams and distilled at 175-185 deg. un-
der 45 mm. pressure. The yield was 5.1 grams of meta iodo
benzoyl bromide, or 90 per cent, of theoretical. The time
required for this preparation was 3i hours. Analysis:
(Second fraction) 0.1848 grams substance;
0.2972 grams AgBr -+ Agl.
Calculated for C 7H40BrI, Br -f- I, 66.56 fa.
Found, Br
-f- I, 78.89 £.
The sodium anisate was heated with phosphorus penta-
bromide for 1 hour and 15 minutes. The product was a slight-
ly yellow liquid which turned reddish orange after being
sealed up for some time. It was distilled in two fractions.
The first v/eighed 1.0 gram and distilled at 120-150 deg. un-
der SO mm. pressure. The other distilled at 140-195 deg.
under 25 mm. pressure and weighed 3.9 grams. The greater
part of this last fraction distilled constant at 190 deg.
The yield was 4.9 grams, or 89 per cent, of theoEetical. The
time required for this preparation was &§ hours.
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TABLE.
BY THE PHOSPHORUS PENTABROMIDE METHOD.
Ant
. of
salt
.
Acid salt. Yield. Product
.
Proporties
of product
.
PtI cent,
yield.
1. 5.0 g. sodium p-
nitro ben-
f7 AD f ft
3.8 g. p-nitro
benzoyl
U X UUi x LLC?
M.P. 62-63 66
2. 5.0 g. sodium
3-5 di-
nitro ben-
zoate
4.3 g. 3-5 di-
nitro ben-
zoyl brom-
ide
M.P. 60-61 74
3. 5.0 g. sodium o-
chlor ben-
zoate
4.6 g. o-chlor
benzoyl
bromide
B. P. 150-175
(70-50 mm.
)
75
4. 5.0 g. sodium p-
chlor ben-
zoate
4.7 g. p- chlor
benzoyl
bromide
B. P. 133-135
(25 ram.)
77
5. 5.0 g. sodium o-
brom ben-
zoate
4.9 g. o- brom
benzoyl
bromide
B. P. 143-152
( 20 mm.
83
6. 5.0 g. sodium p-
brom ben-
zoate
3.6 g. p- brom
benzoyl
bromide
B. P. 160-162
( 31 mm.
)
61
7. 5.0 g. sodium o-
iodo ben-
zoate
4.8 g. o- iodo
benzoyl
bromide
B. P. 165-170
( 22 mm.
)
M.P. 14-17
8. 5.0 g. sodium m-
iodo ben-
zoate
5.1 g. m- iodo
benzoyl
bromide
B. P. 175-180
( 45 mm.
)
90
9. 5.0 g. sodium
anisate
4 9 sr. anisyl
bromide
B.P. 190
( 20 mm.
)
89
BY THE HYDROGEN BROMIDE METHOD.
1. 5.0 g. p- nitro
benzoyl
bromide
4.5 g, p- nitro
benzoyl
bromide
HUP. 65-68 74
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IV. S1ML/LRY.
Two new mothods for the preparation of aroinatid acid
bromides have "been discovered and developed: namely, the
phosphorus pentabromide with the sodium salt of the acid
method, and the hydrogen bromide with the acid chloride meth-
od. The former method has been found to be a general one
in all cases tried, and may be used for the preparation of
aromatic acid bromides with either positive or negative sub-
stituents in the rimg. The advantages of the method are:
(1) The materials used are comparatively inexpensive;
(2) The yields are very good;
(2) Very few steps are involved, so that little time is
required in the synthesis, and the method is very convenient.
Due to the small amounts of material used, the loss of
product was relatively large; if greater quantities are used,
the yields can no doubt be considerably improved.
The compounds prepared by the phosphorus pentabromide
5
method have been prepared by Ulich by the oxalyl bromide
method, with the exception of ortho iodo and meta iodo ben-
zoyl bromides. The properties of the solids obtained by the
two methods agree very closely, but some small differences
exi3t in the boiling points of the liquids, due no doubt to
the fact that such small quantities of material were used by
the phosphorus pentabromide method that the amounts of the
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products were too small for an exactly accurate boiling
point determination.
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